





Kukla, Konrad K. (2010) Concrete at high temperatures: hygro-thermo-





Copyright and moral rights for this thesis are retained by the author 
 
A copy can be downloaded for personal non-commercial research or 
study, without prior permission or charge 
 
This thesis cannot be reproduced or quoted extensively from without first 
obtaining permission in writing from the Author 
 
The content must not be changed in any way or sold commercially in any 
format or medium without the formal permission of the Author 
 
When referring to this work, full bibliographic details including the 
author, title, awarding institution and date of the thesis must be given. 
 



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































-200 -100  0  100  200  300  400  500  600  700  800















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































∂ (εGe ρV )
∂t







































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































∂t + (λD + λE)
∂(εDρL)
∂t =






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































5V · (K 5 u)dV −
ˆ
∂Ω















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































¯ KTT ¯ KTP ¯ KTV
¯ KAT ¯ KAP ¯ KAV






































































































¯ KTT ¯ KTP ¯ KTV
¯ KAT ¯ KAP ¯ KAV








































T CTTNT + αd (t) · 5N
T































































































































































































































































































































































































































β (˜ ρG − ˜ ρG,∞) +



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































χ = 2 · 10
−3 (Tmax − T0) − 1 · 10


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































e p = 5.5
a
n













































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































kg for 8.8% porosity
kg for 12.2% porosity
kl for 8.8% porosity

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































K(m2)∗ 3 × 10−21 5 × 10−22










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































   
   
ζ1K010PPF2D(T) T < 403K
ζ2K010PPF1D(T) 403K ≤ T ≤ 473K

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































˙ ε = ˙ ε
e (σ,T) + ˙ ε
pl (σ,T) + ˙ ε
ft (T) + ˙ ε




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































e m = α
￿







































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































A¯ T2 + B¯ T for 0 ≤ ¯ T ≤ ¯ T∗
C
￿¯ T − ¯ T∗￿2 + A
￿
2¯ T − ¯ T∗￿













































































































































































































































































































































































































































































































































































































2A¯ T + B for 0 ≤ ¯ T ≤ ¯ T∗
2C
￿¯ T − ¯ T∗￿




















































































































































































































































































































































































































kkδij + (1 + vc)σ
−
ij







kkδij + (1 + vc)σ
+
ij


















































































































































































































































































































kkδij + (1 + vc)σ
−
ij
























































































































































































































































































































































































































































































































1 −vc −vc 0 0 0
−vc 1 −vc 0 0 0
−vc −vc 1 0 0 0
0 0 0 2(1 + vc) 0 0
0 0 0 0 2(1 + vc) 0













































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































σ = (1 − ω)E0 : ε






































































































































































































































































































































































































































































































































































σ = (1 − D)E0 : ε









































































































































ˆ σ = E0 : ε
e =
σ























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































f ftd = 0
































































f fmd = 0
































































˙ σ = (1 − ω)(1 − χ)E0 : (˙ ε
e) −
− ˙ χ(1 − ω)E0 : ˙ ε





e − ˙ ε
ft − ˙ ε
tm￿
























































˙ σ = Esec :
￿
˙ ε





















































dσ = Esec :
￿
dε






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































2 + (ε2 − ε3)









































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































1 − 0.016ˆ T2
1 − 0.1ˆ T
f
o























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Gf (T) = Gf0
￿























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































r S ≤ SSSP
¯ SPL +
￿

















































































































































































































































































0 = (1 − ω)(1 − χ)E0 : ε


















































































0 = E0 : ε
e =
σ0

































































˙ σ = ˙ σ
































0 = Esec :
￿
˙ ε − ˙ ε
ft − ˙ ε
tm￿
− ˙ χ(1 − ω) ˆ σ
0 − ˙ ω(1 − χ) ˆ σ
0
= Esec : ˙ ε − Esec :
￿
˙ ε
ft + ˙ ε
tm￿
− ˙ χ(1 − ω) ˆ σ















































































r S ≤ SSSP
˙ PG − ¯ S
∂PC
∂T








































































˙ σ = ˙ σ









































































































1 1 1 0 0 0
￿T

    
    
f
o













































































































































































































































































































































































































































































































































































˙ ε = ˙ ε
e (σ,T) + ˙ ε





















− (1 − ω) ˆ σ
0dχ − (1 − χ) ˆ σ


























0− + (1 − ω)H
tdˆ σ





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































e t1 0.11 0.03 0.04
[
-












y t1 7.7 · 10−19 4.7 · 10−19 5 · 10−19
[m2





























t t1 7.6 7.6 7.6
[kg/m3











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































0 0 0 0
0 CTT CTP CTV
0 CAT CAP CAV












Kaa KaT KaP KaV
KTa KTT KTP KTV
KPa KAT KAP KAV






























0− + (1 − ω)H
tdˆ σ























































































































































































































































































































































































































































































































































































































∂t + (λD + λE)
∂(εDρL)
∂t =






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































hTCTThT + α(t) 5














hTCTPhT + α(t) 5














hTCTVhT + α(t) 5














hPCAThP + α(t) 5






































hPCAPhP + α(t) 5














hPCAVhP + α(t) 5














hρV CMThρV + α(t) 5















hρV CMPhρV + α(t) 5















hρV CMVhρV + α(t) 5
































































































































































































































































































































































































































































































































































































































































ρw = (pwl − pwr)
￿

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































+ c1 + c2T + c3T
2 + c4T
3 + c5T
























































































































































































































































































































































































































































   




r TC ≤ 100oC
aT 3
C + bT 2
C + cTC + d
f
o





























































































































































































































































































































































































































































   




r TC ≤ 100oC
eT 3
C + fT 2
C + gTC + h
f
o
r 100oC < TC ≤ 1250oC
eT 3
C∞ + fT 2
C∞ + gTC∞ + h
f
o








































































































































































      




r TC ≤ 200oC
7e − 4(TC − 200)
f
o
r 200oC < TC ≤ 300oC
4e − 5(TC − 200) + 0.07
f
o











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































e a = 1.08542631988638
a
n








































































































e a = 1.13771502228162
a
n







































e a = −9.84936701814735e− 8












































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































t t = 1086sec
.
.
.
1
2
6
7
.
1
5
.
M
i
n
i
m
u
m
p
r
i
n
c
i
p
a
l
s
t
r
a
i
n
p
r
o
￿
l
e
s
(
n
o
n
s
m
o
o
t
h
e
d
)
f
o
r
c
a
s
e
2
a
t
a
)t = 950sec
,
b
)t = 1070sec
,
c
)t = 1086sec
a
n
d
d
)t =
1800sec.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
1
2
6
7
.
1
6
.
M
a
x
i
m
u
m
p
r
i
n
c
i
p
a
l
s
t
r
e
s
s
p
r
o
￿
l
e
s
(
n
o
n
s
m
o
o
t
h
e
d
)
f
o
r
c
a
s
e
2
a
t
a
)t = 950sec
,
b
)t = 1070sec
,
c
)t = 1086sec
a
n
d
d
)t =
1800sec.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
1
2
7
7
.
1
7
.
M
e
c
h
a
n
i
c
a
l
d
a
m
a
g
e
e
v
o
l
u
t
i
o
n
t
h
r
o
u
g
h
o
u
t
t
h
e
s
e
c
t
i
o
n
f
o
r
c
a
s
e
3
1
2
9
7
.
1
8
.
G
a
s
p
r
e
s
s
u
r
e
p
r
o
￿
l
e
s
a
n
d
e
s
t
i
m
a
t
e
d
t
e
n
s
i
l
e
s
t
r
e
n
g
t
h
b
a
s
e
d
o
n
(
7
.
1
)
f
o
r
c
a
s
e
3
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
1
2
9
7
.
1
9
.
V
a
p
o
u
r
c
o
n
t
e
n
t
p
r
o
￿
l
e
s
f
o
r
c
a
s
e
3
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
1
3
0
7
.
2
0
.
I
n
t
r
i
n
s
i
c
p
e
r
m
e
a
b
i
l
i
t
y
p
r
o
￿
l
e
s
f
o
r
c
a
s
e
3
.
.
.
.
.
.
.
.
.
.
.
.
1
3
0
7
.
2
1
.
G
a
s
p
r
e
s
s
u
r
e
p
r
o
￿
l
e
s
a
n
d
e
s
t
i
m
a
t
e
d
t
e
n
s
i
l
e
s
t
r
e
n
g
t
h
b
a
s
e
d
o
n
(
7
.
1
)
f
o
r
c
a
s
e
4
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
1
3
2
7
.
2
2
.
M
e
c
h
a
n
i
c
a
l
d
a
m
a
g
e
e
v
o
l
u
t
i
o
n
t
h
r
o
u
g
h
o
u
t
t
h
e
s
e
c
t
i
o
n
f
o
r
c
a
s
e
4
1
3
2
7
.
2
3
.
V
a
p
o
u
r
c
o
n
t
e
n
t
p
r
o
￿
l
e
s
f
o
r
c
a
s
e
4
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
1
3
3
1
8
3L
i
s
t
o
f
F
i
g
u
r
e
s
7
.
2
4
.
I
n
t
r
i
n
s
i
c
p
e
r
m
e
a
b
i
l
i
t
y
p
r
o
￿
l
e
s
f
o
r
c
a
s
e
4
.
.
.
.
.
.
.
.
.
.
.
.
1
3
3
7
.
2
5
.
S
a
n
d
i
a
N
a
t
i
o
n
a
l
L
a
b
o
r
a
t
o
r
i
e
s
t
e
s
t
o
f
a
1
/
4
-
s
c
a
l
e
m
o
d
e
l
o
f
a
p
r
e
s
t
r
e
s
s
e
d
c
o
n
c
r
e
t
e
c
o
n
t
a
i
n
m
e
n
t
v
e
s
s
e
l
(
P
C
C
V
)
a
t
a
n
o
p
e
-
r
a
t
i
n
g
n
u
c
l
e
a
r
p
o
w
e
r
p
l
a
n
t
i
n
J
a
p
a
n
.
.
.
.
.
.
.
.
.
.
.
.
.
.
1
3
6
7
.
2
6
.
T
e
m
p
e
r
a
t
u
r
e
,
i
n
t
e
r
n
a
l
p
r
e
s
s
u
r
e
a
n
d
p
r
e
s
t
r
e
s
s
p
r
o
￿
l
e
s
f
o
r
P
C
C
V
1
3
7
7
.
2
7
.
C
o
n
c
r
e
t
e
p
r
e
s
s
u
r
e
v
e
s
s
e
l
-
d
i
s
c
r
e
t
i
s
e
d
m
o
d
e
l
w
i
t
h
b
o
u
n
d
a
r
y
c
o
n
d
i
t
i
o
n
s
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
1
3
9
7
.
2
8
.
E
v
o
l
u
t
i
o
n
o
f
t
e
m
p
e
r
a
t
u
r
e
p
r
o
￿
l
e
s
f
o
r
n
o
d
e
s
A
,
B
a
n
d
C
a
s
i
n
d
i
c
a
t
e
d
i
n
￿
g
u
r
e
7
.
2
7
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
1
4
0
7
.
2
9
.
G
a
s
p
r
e
s
s
u
r
e
e
v
o
l
u
t
i
o
n
s
f
o
r
n
o
d
e
s
A
,
B
a
n
d
C
a
s
i
n
d
i
c
a
t
e
d
i
n
￿
g
u
r
e
7
.
2
7
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
1
4
0
7
.
3
0
.
V
a
p
o
u
r
c
o
n
t
e
n
t
e
v
o
l
u
t
i
o
n
s
f
o
r
n
o
d
e
s
A
,
B
a
n
d
C
a
s
i
n
d
i
c
a
t
e
d
i
n
￿
g
u
r
e
7
.
2
7
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
1
4
1
7
.
3
1
.
T
e
m
p
e
r
a
t
u
r
e
p
r
o
￿
l
e
s
a
f
t
e
r
2
2
a
n
d
3
0
y
e
a
r
s
.
.
.
.
.
.
.
.
.
.
1
4
2
7
.
3
2
.
G
a
s
p
r
e
s
s
u
r
e
p
r
o
￿
l
e
s
a
f
t
e
r
2
2
a
n
d
3
0
y
e
a
r
s
.
.
.
.
.
.
.
.
.
.
1
4
2
7
.
3
3
.
V
a
p
o
u
r
c
o
n
t
e
n
t
p
r
o
￿
l
e
s
a
f
t
e
r
2
2
a
n
d
3
0
y
e
a
r
s
.
.
.
.
.
.
.
.
.
1
4
3
7
.
3
4
.
F
i
n
a
l
d
a
m
a
g
e
e
v
o
l
u
t
i
o
n
a
f
t
e
r
3
0
y
e
a
r
s
.
.
.
.
.
.
.
.
.
.
.
.
.
1
4
3
7
.
3
5
.
D
e
￿
e
c
t
e
d
s
h
a
p
e
(
f
a
c
t
o
r
e
d
b
y
5
0
0
)
a
f
t
e
r
s
e
l
f
w
e
i
g
h
t
(
t
o
p
r
i
g
h
t
)
,
p
r
e
s
t
r
e
s
s
(
t
o
p
l
e
f
t
)
a
n
d
p
r
e
s
s
u
r
i
s
a
t
i
o
n
(
b
o
t
t
o
m
)
.
.
.
.
.
.
.
1
4
4
8
.
1
.
S
k
e
t
c
h
o
f
d
e
e
p
g
e
o
l
o
g
i
c
a
l
r
e
p
o
s
i
t
o
r
y
f
r
o
m
[
5
6
]
.
.
.
.
.
.
.
.
1
5
0
D
.
1
.
W
a
t
e
r
d
e
n
s
i
t
y
b
y
F
u
r
b
i
s
h
[
2
1
]
,
c
o
m
p
a
r
i
s
o
n
b
e
t
w
e
e
n
e
x
p
e
r
i
-
m
e
n
t
a
l
r
e
s
u
l
t
s
a
n
d
t
h
e
f
o
r
m
u
l
a
t
i
o
n
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
1
6
5
D
.
2
.
C
o
m
p
a
r
i
s
o
n
o
f
t
h
e
r
m
a
l
c
o
n
d
u
c
t
i
v
i
t
y
f
u
n
c
t
i
o
n
s
.
.
.
.
.
.
.
.
.
1
7
1
1
8
4